Abstract. Lung cancer is the leading cause of cancer-associated mortality. Non-small cell lung cancer (NSCLC) accounts for >80% of lung cancers. The overall survival for NSCLC is dismal, with a 5-year survival of <5% for patients. Thus, identifying an effective biomarker for early diagnosis of lung cancer is the first essential step to reduce mortality. It has been recognized that certain inflammatory and immune responses are important in lung cancer development and prevention. The present study demonstrated that, in NSCLC, a proliferation-inducing ligand (APRIL), B-cell maturation antigen (BCMA)and transmembrane activator and CAML interactor (TACI) proteins are abnormally expressed by immunohistochemistry, reverse transcription-quantitative polymerase chain reaction and western blotting. In addition, the expression of APRIL, BCMA and TACI were observed to be involved in extracellular signal-regulated kinase (ERK)1/2 activation in A549 cells. Overall, the present study provides evidence that APRIL and its receptors, BCMA and TACI, may play roles in the biological processes of NSCLC tumors through the ERK1/2 signaling pathway.
Introduction
Lung cancer is a major cause of cancer-associated mortality worldwide. Non-small cell lung cancer (NSCLC) accounts for >80% of lung cancers. The overall survival for NSCLC is dismal, with a 5-year survival of <5% for patients (1) . Tumor necrosis factor (TNF) α has been detected in NSCLC (2) (3) (4) (5) (6) (7) (8) ; however, other members of this superfamily have not yet been studied in this malignancy, including a proliferation-inducing ligand (APRIL), B-cell maturation antigen (BCMA) and transmembrane activator and CAML interactor (TACI). APRIL, also known as TNF superfamily member 13, is a member of the TNF family, and is processed intracellularly within the Golgi apparatus by furin pro-protein convertase prior to secretion (9) . It binds to and BCMA, two members of the TNF receptor family. APRIL has been observed to be highly expressed in several tumor tissues, where it stimulates the growth of solid tumor cells (9) and promotes their development and progression (10, 11) . Whether APRIL and its receptors BCMA and TACI serve roles in development of NSCLC is still not known.
The present study provides for the first time evidence of the overexpression of APRIL and its receptors BCMA and TACI in NSCLC tumors. In addition, it revealed that APRIL activates the mitogen-activated protein kinase (MAPK) extracellular signal-regulated kinase (ERK)1/2 in A549 cells. Our data suggest a possible new role of APRIL and its receptors BCMA and TACI in the regulation of lung cancer.
Materials and methods
Tumor samples. A total of 38 specimens of NSCLC tumors were used in the study. All the specimens were received as discarded materials from The Fourth Hospital of Jinan (Jinan, China) between March 2012 and March 2014. Lung cancers were divided into the following subtypes: Adenocarcinoma, squamous cell carcinoma, alveolar cell carcinoma and large cell carcinoma.
Collection of the Chinese Academy of Sciences (Shanghai, China). The cells were maintained in Dulbecco's modified Eagle's medium (Gibco; Thermo Fisher Scientific, Inc., Waltham, MA, USA) supplemented with 10% fetal bovine serum (Invitrogen; Thermo Fisher Scientific, Inc.), 100 IU/ml penicillin and 100 µg/ml streptomycin at 37˚C in a humidified 5% CO 2 atmosphere.
RNA isolation and reverse transcription-quantitative polymerase chain reaction (RT-qPCR).
Total RNAs were extracted with TRNzol-A+ Reagent (Tiangen Biotech Co., Ltd., Beijing, China) according to the manufacturer's protocol. RT-qPCR analysis of APRIL, BCMA and TACI was performed with 1 µg of total RNA and RevertAid First Strand cDNA Synthesis kit (Fermentas; Thermo Fisher Scientific, Inc.). The primer sequences used were as follows: APRIL forward primer, 5'-TTC CCA TTA ACG CCA CCT CC-3' and reverse primer, 5'-CAG CAT CC TGG ATT CGG ACA-3'; BCMA forward primer, 5'-TGT TCT TCT AAT ACT CCT CCT CT-3' and reverse primer, 5'-AAC TCG TCC TTT AAT GGT TC-3'; and TACI forward primer, 5'-CCA TCT GTG GAC AGC ACC CT-3' and reverse primer, 5'-TTC CCG AGT TGT CTG AAT TGT TT-3'. Primers specific for β-actin were used as a control (forward, 5'-TCC ATC ATG AAG TGT GAC GT-3' and reverse, 5'-GAG CAA TGATCTTGATCT TCA T-3'). RT-qPCR was performed in a LightCycler ® 2.0 Instrument (Roche Diagnostics, Basel, Switzerland) using LightCycler ® 480 SYBR Green I Master (Roche Diagnostics). PCR conditions consisted of the following: 95˚C for 3 min for denaturation; 95˚C for 30 sec for annealing; and 62˚C for 40 sec for extension, for 40 cycles. The threshold cycle for each sample was selected from the linear range and converted to a starting quantity by interpolation from a standard curve generated on the same plate for each set of primers. The APRIL, BCMA and TACI messenger (m) RNA levels were normalized for each well to the β-actin mRNA levels using the 2 -ΔΔCq method (12) . Each experiment was repeated three times.
Immunoblot analysis. Tissue and whole-cell lysates were prepared with radioimmunoprecipitation assay (RIPA) buffer [10 mM Tris (pH 7.4), 150 mM NaCl, 1% Triton X-100, 0.1% deoxycholate, 0.1% sodium dodecyl sulfate (SDS) and 5 mM ethylenediaminetetraacetic acid], containing 1X cOmplete™ protease inhibitor cocktail (Roche Diagnostics). Lysates were normalized for total protein (25 µg) and subjected to 10% SDS-polyacrylamide gel electrophoresis (PAGE) and immunoblot assay. The proteins were transferred to a polyvinylidene difluoride membrane (EMD Millipore, Billerica, MA, USA), followed by blocking with 5% skimmed milk at room temperature for 1 h. The membrane was then incubated with primary antibodies overnight at 4˚C and rinsed with Tris-buffered saline with Tween 20. The following primary antibodies were used: Phospho-ERK1/2 (1:1,000 dilution; catalog no. 9101; Cell Signaling Technology, Inc., Danvers, MA, USA), APRIL (1:1,000 dilution; catalog no. ab64967; Abcam), BCMA (1:1,000 dilution; catalog no. ab5972; Abcam) and TACI (1:1,000 dilution; catalog no. ab64967; Abcam). The blots were then incubated with goat anti-rabbit immunoglobulin G H&L horseradish peroxidase (HRP)-conjugated secondary antibodies (catalog no. ab6721; Abcam) prior to being subjected to enhanced chemiluminescence detection (Luminata Western HRP Substrate; EMD Millipore) and subsequent autoradiography with Super RX film (Fujifilm, Tokyo, Japan). The defined sections of the film were scanned for density measurement and analyzed using ImageJ software (National Institutes of Health, Bethesda, MD, USA).
Statistical analysis. Experimental data were presented as the mean ± standard error of the mean. All statistical analyses were performed with use of the SPSS 13.5 (SPSS, Inc., Chicago, IL, USA). Student's t test and one-way analysis of variance, followed by Tukey's post hoc analysis, was applied. P<0.05 was considered to indicate a statistically significant difference.
Results

IHC detection of APRIL in NSCLC specimens.
Previous reports established that APRIL, BCMA and TACI are expressed in various tumors, but not in normal tissues (10, 13) . The present study assessed their expression in 38 resected paraffin-embedded NSCLC tumor samples by IHC. Among the tumor specimens examined, 38 cases of NSCLC and 9 cases of normal lung tissue in the neighborhood of the main lesion were identified. APRIL was positive in 27/38 cases of cancer and in 1/9 normal lung tissues. Typical cases are presented in Fig. 1 . APRIL immunoreactivity was detected in the cytoplasm. These results indicate that elevated APRIL levels are common in NSCLC, thus suggesting a functional role for APRIL in lung cancers.
IHC detection of BCMA and TACI in NSCLC specimens.
The present results revealed that BCMA and TACI are overexpressed in NSCLC samples. BCMA was positive in 28/38 cases of cancer and in 3/9 normal lung tissues, while TACI was positive in 29/38 cases of cancer and in 2/9 normal lung tissues. Typical cases are presented in Fig. 2 . BCMA and TACI immunoreactivity was detected in the cytoplasm and in the cell surface.
APRIL, BCMA and TACI are overexpressed in NSCLC specimens, as detected by WB and RT-qPCR.
To further confirm the results of IHC, APRIL, BCMA and TACI levels were measured by qPCR in a panel of NSCLC samples containing normal tissue. As indicated in Fig. 3A , APRIL transcripts were detected in the majority of cancer samples (15/18), with significantly increased levels compared with normal tissues (P=0.032). For the receptors, a greater incidence of BCMA and TACI transcripts was observed in cancer samples than in normal samples (Fig. 3) . Similar to the RT-qPCR results, APRIL, BCMA and TACI protein levels were significantly higher in cancer samples than in normal tissues by WB, suggesting a direct correlation between the APRIL/BCMA/TACI pathway and NSCLC development.
APRIL activates the MAPK ERK1/2 in A549 cells.
The finding that NSCLC overexpresses APRIL, TACI and BCMA predicted that signaling through these receptors may promote tumor growth. Therefore, the present study analyzed whether APRIL mediated signaling via the MAPK ERK1/2, which has been implicated in NSCLC tumorigenesis (14) (15) (16) (17) (18) . Analysis of phosphorylation kinetics in A549 cells revealed that APRIL overexpression induced the phosphorylation of ERK1/2 (Fig. 4A) . In addition, overexpression of BCMA and TACI was observed. The enhanced receptor expression may also improve the ability of cells to respond to APRIL.
To assess this hypothesis, BCMA and TACI expression was reduced in A549 cells using small interference (si)RNA, and the ERK1/2 phosphorylation level upon APRIL overexpression was detected. The results confirmed that BCMA and TACI knockdown could reduce the ERK1/2 phosphorylation level in both basal conditions and in the APRIL-overexpressing group. 
Discussion
APRIL was initially described in the 1990s based on its ability to induce the proliferation of distinct types of cell lines (9) . The initial data demonstrated that APRIL is overexpressed in leukemia and lymphoma, and promotes tumorigenesis, while later reports indicated a role for this cytokine beyond hematopoietic malignancies (11, (19) (20) (21) (22) (23) (24) .
There are currently no data regarding APRIL, BCMA and TACI expression in NSCLC. The present study detected expression of all three proteins in 38 primary lung carcinomas and in one lung cancer cell line. Higher levels of APRIL, BCMA and TACI protein and mRNA transcripts in NSCLC than in normal tissues were detected, indicating that the overexpression of APRIL, BCMA and TACI in human NSCLC serves a role in carcinogenesis and results in a poorer clinical outcome.
Co-expression of APRIL and its receptors enable autocrine proliferation of tumor cells, as confirmed in APRIL overexpression assays. It was demonstrated that APRIL expression induces the phosphorylation of ERK1/2 in A549 cells. MAPKs are overexpressed in NSCLC, and their activation enhances cancer cell survival and proliferation (16) (17) (18) . Switching on the APRIL pathway may provide malignant 
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A cells with a mechanism to sustain activation of their MAPK signaling and promote tumor progression. The present study demonstrated that NSCLC expressed BCMA and TACI; thus, it is possible that both receptors enhance the cells' response to APRIL. In addition, BCMA and TACI expression was reduced in A549 cells using siRNA, and the results confirmed that the expression levels of BCMA and TACI are associated with APRIL-dependent ERK1/2 activation.
In summary, the current study reports the overexpression of APRIL, BCMA and TACI in NSCLC samples and cell lines, and has identified an APRIL signaling pathway that functions and participates in human lung tumorigenesis.
